Die Dokumente auf EconStor dürfen zu eigenen wissenschaftlichen Zwecken und zum Privatgebrauch gespeichert und kopiert werden.
Executive summary
This paper investigates the extent to which European firms engage in co-operative R&D behaviour and aims to shed light on the determinants of such activity. Co-operative innovative activity is a topical policy issue, in the context of technology transfer (most prominently from universities to business) and in its interactions with competition policy.
Both the OECD and the European Union support the idea of strong industry-science linkages to maximise the returns from both private and public research investments, and both recognise a role for policy.
The paper uses the framework developed in Cassiman and Veugelers (2002) that looks at the effects of information flows, both incoming and outgoing knowledge spillovers, on the likelihood of engaging in co-operative R&D, using data from the 1st Community Innovation Survey (CIS) for Belgian manufacturing firms. Here we use information from the 3rd Community Innovation Survey (CIS3) for France, Germany, Spain and the United Kingdom and extend the analysis to the service sector. Additionally we consider the relationship between receipt of public financial support and the likelihood of undertaking co-operative R&D. In all four countries policy instruments are targeted at facilitating technology transfer from universities (or wider public sector research institutions) to firms.
As in Cassiman and Veugelers (2002) we find that firms' ability to take advantage of incoming spillovers in the form of publicly available knowledge, (i.e. their absorptive capacity), and firms' ability to limit outgoing spillovers and appropriate the returns to their innovative efforts are positively associated with the likelihood that firms undertake cooperative R&D agreements. We find that receipt of public support is positively related to the probability of undertaking co-operative agreements particularly with regard to the likelihood of co-operation with the research base. Finally we find some evidence, in particular for Spain, that firms carry out co-operative R&D to overcome excessive perceived risks and financial constraints.
Introduction
Both the OECD and the European Union support the idea of strong industry-science linkages to maximise the returns from both private and public research investments, and both recognise a role for policy. 1 The UK government has recently conducted a major review into the extent of business-university collaboration, which suggested ways to improve government support for such activity. 2 The UK operates a number of schemes aimed at encouraging collaborative R&D activity between businesses and research institutions, and business-to-business linkages. In Germany a significant amount of public funding for innovative activity is now directed towards research consortia comprising private businesses and scientific research institutions, and policies in France and Spain also emphasise public-private sector collaboration. 3 In this context it is important to understand which types of firms tend to engage in co-operative R&D, the motivations for such activity and whether public policy is effective in increasing collaborative research.
The paper uses the framework developed in Cassiman and Veugelers (2002) 3 See Abramovsky, Harrison and Simpson (2004) for a summary for the UK, Fier, Aschhoff and Löhlein (2005) for information on the direction of funding in Germany, Acosta and Modrego (2001) for further information for Spain, and MNRT(2005) for further information for France. 4 The CIS is based on a harmonized questionnaire and methodology, agreed upon by the member states of the European Union. Its definitions and methodology are based on the so-called "Oslo Manual" OECD (1997), which recommends asking firms about their innovation behaviour during the three years before the survey is conducted. A more detailed description of the survey can be found in European Commission (2004b) . See for a description of the surveys and sampling methodology in France, Germany, Spain and the U.K.
analysis to the service sector. Additionally we consider the relationship between receipt of public financial support and the likelihood of undertaking co-operative R&D.
As in CV we find that firms' ability to take advantage of incoming spillovers in the form of publicly available knowledge (their absorptive capacity), and firms' ability to limit outgoing spillovers and appropriate the returns to their innovative efforts both have a positive effect on the likelihood of firms undertaking co-operative R&D agreements.
Moreover, absorptive capacity is found to be a more important factor in determining collaborative agreements with research institutions. Additionally, as might be expected given the orientation of public support for R&D we find a positive relationship between receipt of financial public support for innovative activities and the probability of cooperating with the research base, and to a lesser extent with the probability of co-operating with other firms. Finally we find some evidence, in particular for firms in Spain, that cooperative R&D is motivated by a need to overcome financial constraints, potentially reflecting differences in capital markets.
To set the scene, the following two tables show the extent to which innovative firms in the four EU countries we consider undertake co-operative activity. Throughout the paper we define innovative firms as those that introduced a product and/or a process innovation, or engaged in innovative activities during the period 1998-2000, including those that started but subsequently abandoned their innovation activities. 5 In table 1 we use a broad definition of co-operative activity that includes co-operation with customers and suppliers (vertical co-operation), co-operation with competitors (horizontal co-operation), and cooperation with universities or research laboratories (co-operation with the research base).
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The table shows that the proportion of innovative firms undertaking any of these three forms of co-operative innovative activity is highest in France and the U.K, followed by Germany and then Spain. Interestingly in Germany and Spain there is little difference between the manufacturing and service sectors in the proportion of innovative firms 5 In the surveys for France, Germany and Spain it is only innovative firms that answer questions about cooperative R&D activity. Given the very broad definition of innovative firms used this should not present a selection problem. Indeed in the U.K. survey this information is available for all firms. We find that only around 4% of non-innovative firms reported that they were involved in co-operative R&D. 6 In this paper, we are not considering co-operation with other firms in the same enterprise group, one of the reasons being that the definition of a firm and an enterprise group is not homogeneous across the four countries under consideration.
engaging in co-operative activity, whereas in the UK and to an even greater extent in It is interesting to look at whether cross-country differences in the extent of overall collaborative activity are driven by differences in specific types of co-operative agreements. Table 2 shows the percentages of innovative firms undertaking different types of co-operative agreement. In the U.K. and France the most common type of co-operative R&D activity is with suppliers or customers. In Spain the most common form of cooperative activity is with universities or research laboratories. In Germany, co-operative activities with suppliers or customers and with universities or research laboratories are equally common. In all countries agreements with competitors are the least frequent type of R&D agreement. Despite the recent policy concern in the U.K. the proportion of innovative firms undertaking co-operative agreements with universities or research laboratories does not appear to be particularly low compared to the other countries.
Across all four countries co-operative agreements with the research base appear to be more prevalent in the manufacturing sector than in the service sector. However when looking at business-to-business co-operation (both vertical and horizontal) in some countries these types of agreement are more widespread in the service sector.
7 See Abramovsky et. al. (2004) for further international comparisons, including whether collaborative agreements are with national or international partners, and full sector-level breakdowns. Finally, we examined whether, among innovative firms, co-operative firms perform differently from non-cooperative ones. First, looking at labour productivity, we found that across all four countries in the manufacturing sector innovative firms that engaged in cooperative R&D tended to have higher labour productivity than those that did not. Those that entered into co-operative agreements also reported that a higher proportion of their sales were due to innovative products introduced between 1998 and 2000. While these performance characteristics may be the direct outcome of undertaking co-operative R&D, it may also be the case that these types of firms are more likely to enter into co-operative agreements in the first place. 8 In the service sector the picture was more mixed, for example there was no clear correlation between labour productivity and co-operative activity.
The remainder of the paper is structured as follows. The next section discusses reasons why firms might engage in collaborative activity, including the effects of both incoming and outgoing information flows. Section 3 presents some cross-country descriptive statistics for the samples on which we estimate. Section 4 presents the empirical results that describe fully the characteristics associated with different types of co-operative activity in each country. We also follow the approach used in CV and present results using instrumental variable methods to deal with potential endogeneity. Section 5 concludes.
Why do firms undertake collaborative R&D?
Firms may engage in collaborative R&D for a variety of reasons, for example if spreading the cost and risk associated with an R&D project leads to higher expected profits than carrying out the project individually. This argument is supported by Sakakibara (1997) who identifies cost-and skill-sharing as two basic motives for co-operation. CV chose to focus on the influence of two types of knowledge flows on the likelihood of co-operation, first the extent of incoming spillovers, that is beneficial external knowledge flows, and second appropriability, that is the ability of firms to capture the returns to their innovative activity, the converse of which can be thought of as the extent of outgoing spillovers.
The degree to which an individual firm has the internal capabilities to successfully capitalise on externally generated knowledge is often referred to as its 'absorptive capacity'. Cohen and Levinthal (1989, p.569) define absorptive capacity as a firm's ability to "identify, assimilate, and exploit knowledge from the environment." Firms that have higher absorptive capacity might also be more likely to be successful innovators, which could make them more attractive co-operation partners for other firms. However, how a firm's absorptive capability affects its own incentives to engage in co-operative R&D is ambiguous. On the one hand, firms that are better at accessing and using external knowledge can more easily benefit from the knowledge available to them for free and might thus have lower incentives to co-operate. On the other hand, if they are also better able to profit from the knowledge exchanged in a cooperative agreement than those with lower absorptive capacity, their incentives to co-operate could be higher.
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In general we would expect the extent to which firms are able to appropriate the returns to innovative activity to have a positive effect on how intensively they undertake R&D activity. But how might we expect it to influence their incentives to engage in collaborative R&D? On the one hand, in the face of appropriability problems firms might try and internalise outgoing spillovers by forming explicit collaborative relationships, rather than conducting R&D on their own. On the other hand, an inability to appropriate the returns to one's own R&D efforts, even inside a collaborative arrangement, might lead to free-riding either inside 10 or outside 11 collaborative agreements and hence decrease the likelihood of such agreements occurring, by decreasing the incentives for firms to form them.
While firms may undertake collaborative R&D to overcome financial constraints or to pool risks, they may nonetheless face other constraints to co-operative activity, for example, the presence of market failures, such as coordination or information failures. These may rationalise the existence of public support programmes to encourage co-operative R&D and technology transfer between universities and firms, and firms and firms alike. Supporting cooperation and knowledge sharing among actors in the national, regional or local innovation system may also increase social welfare and enhance the innovative capacity of firms. In order to achieve a high level of knowledge sharing among actors, public funding for R&D and innovation activities is increasingly linked to co-operative R&D. Public funding may therefore facilitate co-operative R&D by firms that would otherwise not engage in such activity. If we do observe a positive correlation between co-operative R&D activity and receipt of public support, this does not necessarily imply that policies are generating additional co-operative research. It maybe that some of those firms receiving support would have engaged in some form of co-operative R&D in any case.
The motives described above are assumed to influence co-operation in general, but it is likely that the importance of different motives varies with the type of cooperation partner.
This issue (especially the relationship between firms and universities) has gained increasing importance in the literature and in public policy formation in recent years 12 and will also be investigated here.
10 Kesteloot and Veugelers (1995) , for example, found that the incentive to cheat within a cooperative agreement increases if outgoing spillovers are high, thus decreasing the incentive to cooperate in the first place.
11 See Greenlee and Cassiman (1999) .
12 For example, see Belderbos (2004) , Veugelers (2002) and HM Treasury (2003) . The results in Miotti and Sachwald (2003) based on CIS2 data for France support the hypotheses that a firm's choice of R&D co-operation partners is affected by its need to access complementary resources. More specifically, the authors find that co-operation with competitors aims at pooling similar resources to share high R&D costs, while co-operation with universities targets complementary resources to work at the technological frontier.
The discussion above highlights that the extent to which firms benefit from incoming spillovers, the extent to which they can appropriate the returns to their innovative activity, and whether or not they face constraints in their innovation activities may themselves depend on whether or not firms engage in co-operative R&D, in addition to other firm and industry-specific factors. Following CV, our empirical framework aims to take account of this potential endogeneity. Before turning to our results, we first look in more detail at some characteristics of firms that undertake co-operative R&D.
Data and descriptive statistics
Using data from the CIS3 in each of the four countries Table 3 below shows the proportion of innovative firms that undertake different types of co-operative agreement for the respective samples. In contrast to CV we focus not only on manufacturing but also on the service sector. As mentioned above, the definition of innovative firms covers "firms that have either introduced a product or process innovation or have ongoing innovation activities or have abandoned innovation activities and have spent a positive amount on innovation activities between 1998-2000." The proportions shown in Table 3 below can differ from those in Tables 1 and 2 because they are based on the samples used in estimation (and not weighted up to the population). While the proportions of innovative firms undertaking co-operative activity are higher than in Tables 1 and 2 , the cross-country patterns are largely similar, although in Table 3 Germany has a higher proportion of innovative firms engaging in co-operative activity than the UK.
The characteristics we focus on are measures of incoming spillovers, appropriability, constraints on innovation -a combination of cost and risk factors that hamper innovation-, firms' R&D intensity and whether or not firms received financial public support for innovative activities. We use information from the CIS3 survey to construct firm-level and industry-level variables. For comparability, we construct our variables in line with those used in CV. 13 A full set of definitions is provided in Appendix 1. 13 We have modified the variable definitions in CV in some cases in order to construct measures that are comparable across the four countries in the current study. For example, when measuring appropriability we use a count of the number of protection methods used (rescaled between zero and one) rather than using information on the intensity of use (rescaled between zero and one), which was not available in all four countries. However, for the countries where the full information was available we checked that constructing the appropriability variable in this way does not change the overall pattern of results. competitors. This measure is again scaled between 0 and 1 and is increasing in the number of the methods used. We also construct an industry-level measure of the extent of use of different legal protection methods such as patents and trademarks, again an index measure between 0 and 1, which increases in the number of methods used. This captures the scope for using formal protection methods to appropriate the returns to R&D.
We construct a measure that combines the extent to which firms are hampered in their innovation activities by cost and risk factors. This variable is called constraints and includes the extent to which availability and cost of finance and excessive perceived risks impeded firms' ability to innovate. 15 The index measure varies between 0 and 1 and is increasing in the extent to which these factors are declared to impose a constraint.
We also construct a measure of whether firms received public support for innovation activities. This is an indicator variable that takes the value 1 if the firm has received any kind of public financial support for innovation activities from local or national sources and takes the value 0 otherwise.
Finally, we consider a measure of firms' internal R&D capabilities that aims at capturing the firm's internal technological and absorptive capacities. The variable is called R&D intensity, which is the ratio of intramural (internal) R&D expenditure to turnover in the year 2000.
16 Table 4 presents the sample mean values, for both firms that engage in co-operative activity and for those that do not, for each of the variables that we consider when investigating the determinants of co-operative activity. Within countries the mean values of all variables are significantly different across cooperative and non-cooperative firms. The only exception is that for UK there is only a weakly significant difference (at the 10% level) between the two groups in terms of the extent to which they perceive constraints (cost and risk factors) to be a barrier to innovative activity, however in the other three countries those firms that undertook co-operative R&D appeared to be significantly more constrained by these factors in their R&D activities.
Across all four countries firms that undertake co-operative agreements typically place greater importance on incoming spillovers (incoming spillovers), place greater importance on the use of strategic methods for appropriating the returns to R&D (appropriability) and are typically in industries where a higher importance is placed on legal methods of protecting the returns to innovation. Firms that engage in co-operative agreements also show higher R&D intensity and are on average larger than those that do not take part in cooperative agreements. These findings are in line with those of CV. Firms that undertake cooperative R&D, are also more likely to receive public support. Notes: The sample in each country comprises innovative firms in both the manufacturing and the service sector. C = cooperating firms, NC = non-cooperating firms.
We also looked at whether there were significant differences in the mean values of these variables across countries within the two categories of firms -e.g. comparing cooperative firms in France with those in Germany. We found that in the vast majority of cases there are significant differences across countries. For example, firms in Germany that undertake co-operative agreements place more importance on incoming spillovers than those in Spain, the UK and France. Innovative firms in the UK, both those that engage in co-operative agreements and those that do not, place more importance on strategic methods of protection (appropriability), and formal methods of protection than their counterparts in Germany, France and Spain. Among co-operative innovative firms R&D intensity is highest in Spain and lowest in the UK. The proportion of co-operative innovative firms that receive public support for innovation is highest in Germany and Spain at around 60% and significantly lower in the UK at just over 20%.
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Empirical results
As a first step in examining the relationship between these factors and the likelihood of cooperation we estimate a probit model for each country, where the dependent variable takes on a value of one if the firm is engaged in a co-operative agreement. Table 5 shows the results of this exercise. The figures shown are the marginal effects of each of the explanatory variables on the probability of undertaking a co-operative agreement. For each country we also include an industry-level measure of the extent of co-operative activity, to control for unobserved industry characteristics associated with this decision.
In all four countries, conditional on other factors, firms that use strategic protection methods (appropriability) were more likely to be engaged in co-operative R&D, which is in line with the findings in CV. Firms are more likely to be engaged in co-operative agreements the higher their R&D intensities, although this variable is not significant in the UK. Also, in all countries we find a positive association between the likelihood that firms have received financial public and the probability of being engaged in a co-operative agreement. In the UK and France we find that firms that are engaged in co-operative agreements place a higher importance on incoming knowledge spillovers. Turning to the measures of the extent to which constraints such as cost and risk factors are perceived as an obstacle to R&D activity, we find that in particular in Spain and France firms engaged in co-operative research are more likely to see these factors as obstacles. Finally there is also evidence for Germany and in particular for Spain that larger (although not necessarily the largest) firms are most likely to engage in co-operative R&D.
17 Indeed innovative firms in France, Germany and Spain that were not involved in co-operative R&D were also more likely to receive public support than those in the UK. *** significant at 1% level, ** significant at 5% level, * significant at 10% level. The numbers reported are the marginal effect of the independent variable on the probability of cooperation.
As mentioned above there are reasons to believe that the variables appropriability, incoming spillovers, R&D intensity and constraints are endogenous, and we therefore return to this issue below. However, although these results only represent associations between the different characteristics and the likelihood of undertaking co-operative R&D they do shed light on the characteristics of firms that are active in co-operative agreements. Table 6 reports results for the three different types of co-operative agreement, (with the research base, with customers and suppliers and with competitors), separately. In terms of incoming spillovers and appropriability the pattern is very similar across the different types of co-operation agreement to that in Table 5 . Although we do not find a significant relationship between R&D intensity and the likelihood of co-operation for the UK in Table   5 , we do find a strong positive relationship when considering agreements with the research base, which is not mirrored in the other three countries.
Co-operation with different partners
Looking across the different types of agreements we find that for Spain and to a lesser extent for France, in all cases it is those firms that report being constrained in their R&D activity, for example due to financial constraints, that are more likely to be engaged in cooperative R&D. For Spain we also find a significant relationship between firm size and the likelihood of undertaking co-operative R&D.
Receipt of public support is positively correlated with the probability of co-operating with all three types of partners in Germany and France and Spain, but in the UK we find no relationship with the probability of co-operating with competitors. In all countries the marginal effects are highest with regard to co-operating with the research base. This finding is consistent with the aims of policy in this area in terms of encouraging cooperation between firms and universities and facilitating technology transfer from the public sector, and reflects the focus of the policies in operation in all four countries.
In France, grant funding for research consortia including university partners, for research into premarket areas and technology transfer.
In the next section we present instrumental variables estimates, following the approach suggested in CV in an attempt to control for potential endogeneity of the incoming spillovers, appropriability and R&D intensity variables and we also attempt to control for potential endogeneity in the constraints variable. *** significant at 1% level, ** significant at 5% level, * significant at 10% level. The numbers reported are the marginal effect of the independent variable on the probability of cooperation.
Instrumental variables results
We follow the CV approach for the four countries and also consider the potential endogeneity of the constraints variable. 21 CV use a two-step approach. First the potentially endogenous explanatory variables are regressed on a set of (assumed) exogenous variables.
The predicted values of the potentially endogenous variables are obtained from the first step regression and are used in place of the endogenous variables in the second step regression. We instrument the same three variables as in CV -incoming spillovers, appropriability and R&D intensity-and we also consider the constraints variable as endogenous, following the discussion in section 2 (i.e. it may be that co-operative agreements alleviate constraints that were present ex-ante).
We use the same set of assumed exogenous variables as CV as instruments. The instrument set includes industry-level measures of the potentially endogenous variables, i.e. incoming spillovers, appropriability, R&D intensity and constraints and the extent of co-operative activity. These are intended to capture the effect of unobserved industry-specific attributes related to the specific endogenous variables at the 2-digit level. In addition, we include a firm-level measure of export intensity (exports as a proportion of total sales). This is designed to capture the intensity of competition which firms face, thought to be highly correlated with appropriability conditions -higher competition being associated with lower appropriability, and the greater reliance on strategic protection methods. We also include a firm-level measure of the extent to which the firm's R&D activity is orientated towards basic research. This is derived from questions on the extent to which a firm sources information for its research activities from the research sector (see Appendix 1). We might expect this variable to be positively correlated with a firm's innovative capabilities (R&D intensity) and their absorptive capacity and the extent to which they can capitalise on incoming spillovers more generally. The results of the first step regressions are given in Schmidt (2005) , which consider this issue in the context of Spain and Germany. 22 These instruments are based on those used in CV. We consider them to be the most relevant and most likely to be exogenous from the variables available in the CIS. It is difficult to find a set of truly exogenous and powerful instruments within the CIS. Also, as CV noted in their paper, the IV approach used could introduce multicollinearity between the predicted values of the endogenous variables, reducing the significance of the estimated coefficients. simple probit estimation in table 5 , it can be seen that the marginal effects of the incoming spillovers and the appropriability variables increase substantially in the IV specifications -though appropriability is insignificant for the UK. The increase in the marginal effects could be due endogeneity, or potentially due to measurement error. For example, the fact that the marginal effect on the incoming spillovers variable increases after instrumenting suggests that firms that ex-ante place more importance on the use of publicly available information are more likely to benefit from co-operative agreements, but once such firms are in co-operative agreements they may substitute the use of publicly available information with information generated within the partnership and hence place less importance on other external spillovers.
Our findings for the effects of incoming spillovers and appropriability show very few departures from the original findings in CV for Belgium. However we find some evidence, contrary to the findings in CV, that co-operation less likely in industries where legal methods of protecting innovations are more effective. Taking this together with the findings on appropriability for France, Germany and Spain, it may be that co-operative activity is a method of internalising outgoing knowledge flows in industries where formal, legal protection methods are weak and for firms for whom more strategic methods of appropriating returns are more important.
A further point is that after instrumenting we find no statistically significant relationship between the perception of cost and risk constraints and co-operative R&D, apart from in Spain. The marginal effect on this variable actually increases in the case of Spain, and we might have expected the marginal effects to be biased downwards in table 5 had cooperative R&D activity been undertaken to alleviate cost and risk constraints. It is also only in the case of Spain where we find that firm size is positively related to the probability of undertaking co-operative R&D.
After instrumenting, the marginal effects on the R&D intensity variable decrease compared to table 5. We do not find that higher intramural R&D intensity increases the likelihood of engaging in co-operative R&D amongst innovative firms. Indeed, if anything the results for
France suggest the opposite. It may be that ex-ante firms choosing to collaborate perceive co-operative R&D as a substitute for carrying out R&D activity purely in house -those firms with strong internal capabilities may have less need to engage in collaborative R&D.
We explore what is driving this finding when we differentiate between different types of R&D agreement and between R&D agreements in the manufacturing and service sectors in the next sections. Finally, in all cases we continue to find a positive relationship between having received public financial support and the likelihood of co-operating. *** significant at 1% level, ** significant at 5% level, * significant at 10% level. The numbers reported are the marginal effect of the independent variable on the probability of cooperation. (I) indicates instrumented. Table A2 in Appendix 2 shows the results for co-operation with different types of partners.
The findings in CV suggested that incoming spillovers were an important factor in determining co-operation with research institutions, but not vertical co-operation with suppliers or customers, and while appropriability was an important factor in determining vertical co-operation, it was not for co-operation with research institutes. Our findings are not entirely consistent with this. Turning to co-operative agreements with the research base, we find that as in CV the extent to which firms value incoming spillovers has a positive effect on the probability of undertaking collaborative research with universities and that it is greater than the effect on the probability of co-operating with other type of partners.
However, unlike the findings in CV, we do find some evidence that strategic protection has a positive influence and that the importance of legal protection measures has a negative influence. In France and Germany we find that firms with lower intramural R&D intensity are actually more likely to engage in co-operative R&D with the research base, perhaps accessing expertise that they do not have in-house at a lower cost.
Looking at co-operation with customers and suppliers and with competitors, contrary to the findings in CV, we do find that incoming spillovers have a positive and significant effect on the probability of co-operation with other firms, though as might be expected the marginal effects are smaller than for co-operation with the research base. This could indicate that absorptive capacity, in terms of being able to benefit from external information flows, is a more important determinant of whether a firm enters into a collaborative agreement with the research base compared to a potentially more 'near market' or developmental agreement with another company.
Differences between manufacturing and services
Finally, we looked at the manufacturing and the service sectors separately to see if any of the relationships above differed across the two sectors and whether there were any interesting differences across countries within the two sectors. We detail the main points of interest below.
First, our finding in table 7 that in Germany and Spain co-operation is less frequent in industries where legal protection methods are used more intensively is largely driven by the manufacturing sector. This finding is common across all the four countries, and suggests that whereas co-operative R&D may act as a substitute to patenting innovations in the manufacturing sector, it may not be used as a substitute to formal protection methods such as trademarks and copyright in the service sector.
There are also some interesting differences within sectors across the four countries. First, there is some evidence that strategic protection methods are less important in determining co-operative R&D in the service sector than in manufacturing in France, Germany and the UK, but are important in both sectors in Spain. Second, in the UK and to a lesser extent in France, the significant positive correlation between public support and the probability of co-operation is only present for firms in the manufacturing sector and not for firms in the service sector. For the UK, this again fits in with the orientation of policy at this time towards collaboration with the research base on basic research and new technologies which are more likely to be of direct relevance to manufacturing firms. Third, the negative (although in some cases insignificant) relationship in table 7 between R&D intensity and the likelihood of co-operation appears to be largely driven by the service sector in all countries except for France, implying that co-operative R&D and intramural R&D intensity might be substitutes to a greater extent in the service sector than in manufacturing in Spain, Germany and the UK.
Finally, in Spain the positive and significant correlation between the importance of constraints (as hampering factors for innovation) and co-operation in table 7 is largely driven by the manufacturing sector. We find that this effect disappears for services.
Moreover, firm size only has a significant effect in the manufacturing sector.
Conclusions
Our findings support those in Cassiman and Veugelers (2002) , in that we find a positive relationship between the extent to which firms are able to benefit from external information flows and the likelihood of undertaking a co-operative agreement. We also find that firms that find strategic methods important in appropriating the returns to innovative activity are more likely to undertake co-operative agreements -suggesting that these are an effective way of internalising outgoing spillovers and securing the rewards to R&D, particularly in the manufacturing sector.
Our findings for Spain differ to some extent from those for Germany and the UK. In Spain we find that, particularly in the manufacturing sector, larger firms are more likely to undertake co-operative R&D, and that conditional on size we find evidence that firms are undertaking co-operative R&D in order to overcome financial constraints and excessive perceived economic risks (we also find some evidence of this for France). Taken together these findings may be driven by differences in capital markets and in the availability and Finally we find that public support is positively related to the probability of undertaking cooperative agreements particularly with regard to co-operation with the research institutions.
This is very much in line with the orientation of public R&D funding towards this type of activity and the promoting technology transfer. However, from these results it is not possible to make definitive statements about the additionality of such public support schemes. It maybe that at least some of those firms receiving support would have engaged in some form of co-operative R&D (albeit perhaps on a smaller scale) in any case. The extent to which such schemes do overcome market failures and enable additional and economically efficient co-operative R&D to take place is an important research question given the direction of public policy in this area.
24 Cotec (2004) Size: Log of number of employees.
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Appendix 2: Additional tables *** significant at 1% level, ** significant at 5% level, * significant at 10% level. The numbers reported are the marginal effect of the independent variable on the probability of cooperation. (I) indicates instrumented.
